There has been recent attention to the increasing costs to individuals and families associated with caring for people who are afflicted with diseases such as dementia, including Alzheimer's. In this paper we ask, what are the quantitative implications of these trends for important aggregates, including going forward in time. We develop an overlapping generations general equilibrium model that features government social insurance, idiosyncratic old-age health risk, and transfers of time on a market of informal hospice care from young agents to old agents. The model implies that the decline in annual output growth in the United States since the 1950s can be partly attributed to decreases in the working-age share of the adult population. When accounting for the time young people spend caring for sick elders, positive Social Security + Medicare taxes lead to reductions in the growth rate of annual output of approximately 20 basis points. Relative to an economy with no old-age insurance systems, Social Security + Medicare taxes lead to future reductions in output of 6% by 2056 and 17% by 2096. We show that depending on the working-age share of the adult population, eliminating Social Security + Medicare is not necessarily Pareto improving, leaving those afflicted by welfare-reducing diseases worse off. Placed in the context of an aging United States population, these phenomena could have dramatic or muted impacts on future economic outcomes depending on the prevalence rate of high-cost diseases and the rate at which labor is taxed to fund old-age consumption under a pay-as-you-go social insurance system.
Introduction
For the United States and other developed countries, population aging will increase the number of individuals with high cost-of-care diseases such as Alzheimer's and dementia, thus increasing strains on both publicly funded social insurance systems and the financial portfolios of individual families. Caring for infirm elderly requires substantial resources, both in terms of market-traded commodities and off-market time. Recent empirical evidence suggests that many working-age adults spend substantial shares of their available time providing informal care for sick and diseased elders. Few papers have studied this phenomenon, and to our knowledge no paper has examined the general equilibrium impacts of what happens when an aging population demands increasingly higher levels of informal care from its younger relatives. Here, we examine the aggregate economic impacts of these trends in an overlapping generations environment where retired adults face idiosyncratic welfare shocks due to their health status.
We find that social insurance programs in a pay-as-you-go structure crowd out investment, driving young people to spend less time working, which further depletes the stock of capital and drives down long-run growth rates relative to a tax-free environment. 1 In the presence of intergenerational transfers of off-market time from young to old, lifetime welfare increases when social insurance tax rates fall as savings and investment increase. Young agents expect to enjoy being cared for by their offspring when old and plan for this spillover effect when choosing savings. This is because time transfers from young to old on an informal care market can help offset the adverse welfare implications of incomplete markets for insurance against old-age welfare shocks.
Yet, while reducing social insurance taxes may increase expected lifetime utility, a reduction is not necessarily Pareto improving if the working-age share of adults is low. This is because old agents afflicted with a welfare-reducing disease are made worse off as taxes fall if labor is elastically supplied and the number of workers is small enough. In various counterfactual simulations we explore the implications of these trends under different population growth rates and different adverse shock probabilities.
Our model helps explain the decline in annual aggregate output growth rates since the 1950s
This should lead researchers to take our findings seriously despite the parsimonious, two-period OLG modeling approach we employ. We argue the results are significant for two main reasons.
First, the U.S. population, while relatively younger than those of other OECD countries, is rapidly aging, which could lead to a demographic deficit, a la Japan in the 1990's (Henriksen and Cooley 2018) . Second, diseases requiring high levels of hospice care, both on the formal and informal market, are more common amongst older rather than younger individuals. As a motivating example, consider costs associated with dementia, including Alzheimer's, diseases common to older individuals and for which no known cures exist. In 2011 the cost of caring for individuals diagnosed with Alzheimer's and dementia was almost triple that of non-diagnosed individuals (see Association (2011) ). Further, prevalence and cost-of-care for these diseases has increased at faster rates than similar high-cost diseases such as cancer and heart disease (Lepore, Ferrell, and Wiener 2017) . In the United States, approximately 70% of these costs are covered by state and federal social insurance programs, while the remaining 30% is covered by family portfolios and younger relatives investing time in caring for older individuals (Hurd et al. 2013) . As the population ages larger costs will be born by the individual members of younger generations caring for parents and grandparents.
Of course, other factors contribute to the idiosyncratic risk people face when planning for retirement, not excluding additional health factors. The framework we outline here is general enough to capture all kinds of idiosyncratic risks that affect old-age welfare. Here, shocks act directly on the utility function, with adverse shocks reducing the level of utility from consumption old agents receive. Since we are primarily concerned about health risk, our model fits into the mold of models that incorporate health shocks directly into the utility function, such as DeNardi, French, and Jones (2010) , though our specifications are unique to the problems we outline. Thus the types of idiosyncratic risks our model can accommodate do not include those related to wealth and income risks as famously explored in Aiyagari (1994) . Our framework can parsimoniously explain how the presence of a caring motive by young agents for old agents can impact aggregate labor supply and other aggregate outcomes. The simple nature of the model -a two-period overlapping generations model -suggests that readers should focus on the qualitative implications of our computational results rather than seek to use them for predictive purposes. The quantitative results we present show the negative impacts of social insurance taxes on long-run growth and the adverse effects an aging population can have on lifetime welfare. These findings can be a useful starting point for considering policy reforms that may dampen the negative long-run impacts of these phenomena.
The paper proceeds as follows. In Section 2 we discuss the population trends and cost estimates associated with the prevalence of high cost-of-care diseases, such as dementia, while also providing an overview of the economics literature on how health shocks affect savings rates and summarizing available data on the allocation of time to care for infirm elders. In Section 3 we outline an OLG model that captures the features discussed in Section 2. In Section 4, we calibrate this model to match observed data points and simulate counterfactuals to understand how population changes affect long-run economic trends. In Section 5 we conclude.
Background & Discussion
The primary motivation for our undertaking is to understand how population aging affects aggregate economic outcomes when old members face idiosyncratic risk to old-age welfare. Firstly, there has been a recent emphasis on estimating the costs associated with caring for people who are afflicted with diseases such as Alzheimer's and dementia (see, for example, Hurd et al. (2013) and Lepore, Ferrell, and Wiener (2017) ). Second, while the effects of population aging have been discussed in many contexts, there have been few studies analyzing general equilibrium outcomes where young people save to insure against idiosyncratic health risk that directly impacts old-age welfare. 2 The closest study that comes to mind is that of Hall and Jones (2007) who model health risk as endogenously affecting survival rates, along with a health status component in utility. 3 Third, to the best of our knowledge nobody has attempted to place idiosyncratic endogenous health risk into a model where young agents provide informal hospice care to ailing loved ones.
Our undertaking here thus contextualizes dementia, including Alzheimer's, and other idiosyncratic old-age welfare risk within an economic framework that features a market for informal care.
Alzheimer's disease and dementia impose substantial formal costs on the United States' social insurance system and informal costs on family members tasked with caring for diseased individuals. Total cost estimates for caring for demented elderly individuals range from $157 to $215 billion (2010 dollars) depending on the method used to impute time value of informal care (Hurd et al. 2013) . Within this range, roughly $11 billion is covered by Medicare, Medicaid, and Social Security, with the remainder including both out-of-pocket costs paid by inflicted individuals and their families as well as the time value of unpaid, informal care provided by loved-ones (Hurd et al. 2013 ). For our purposes, "informal care" encompasses all aspects of care which take place off market. "Formal care" will be used to refer to care paid for on the marketplace. 4 Estimates of total time devoted to informal care for demented persons are not small in magnitude. The Alzheimer's Association estimates that in 2010, 17 billion hours of unpaid care were provided by loved-ones to diseased elders with over 80% of this time burden born by family members. Further, over 90% of those afflicted with Alzheimer's or dementia receive some form of informal care on top of care provided by professional hospice service providers. The spillover effects of shouldering this burden on working-age adults represents an additional societal cost that has not been directly quantified in past studies. Approximately 15% of family members who provide informal care either must take leaves of absence from work or switch from full-time to part-time jobs as a result of the added time burden (Lepore, Ferrell, and Wiener 2017) . This fact is not surprising since over half of informal caregivers provide upwards of 21 hours per week of care (Lepore, Ferrell, and Wiener 2017) . As the population ages and Alzheimer's and dementia prevalences increase, it is reasonable to expect that the quantity of informal care provided by working-age adults to elderly adults will increase.
There have been no studies, to our knowledge, that estimate the impacts of providing informal care on general equilibrium economic outcomes. This is important because an aging population will likely lead to higher levels of informal care being provided by young people to old people. Several studies have examined how provisions of informal care impact individual labor force participation and earnings (Muurinen 1986; Carmichael, Charles, and Hulme; Leigh 2010; Van Houtven, Coe, and Skira 2013) . Informal caregivers who also participate in the formal labor force supply on average 3 to 10 work hours less per week than their non-caregiving peers (Van Houtven, Coe, and Skira 2013) . Providing informal care can thus lead to considerable earnings losses (Muurinen 1986; Van Houtven, Coe, and Skira 2013) . Recent applied work suggests that substitution rates between formal nursing home care and informal in-home care depend on states' complex Medicaid reimbursement structures (Mommaerts 2016 (Mommaerts , 2017 . Indeed, paid longterm care and unpaid in-home care are imperfect substitutes (Mommaerts 2017) . We conjecture that this imperfection is due to trade-offs faced by younger family members who willingly provide informal care to elders. Since providing off-market care requires a time investment, younger family members must weigh the altruistic benefits they receive from caring for older loved ones verses the loss in lifetime permanent income due to working less. In the data overview below, we show that conditional on providing informal care, individuals work less, sleep less, and have less leisure time. We build these features into the formal, theoretical model in Section 3.
There have been little aggregate data available on the rate at which informal elder care is Table 1 . 56 The impact of increasing Alzheimer's and dementia prevalence on the intensive margin of labor supply thus would seem, at first glance, to be significant in magnitude as the population ages.
For illustration, if providing adult care is perfectly substitutable with working then for every 1000 people over the age of 65, 3.55 jobs for individuals under the age of 65 would cease to exist due to the labor supply curve shifting inward. Consider now the aggregate effects of such a change:
working less results in a reduction in permanent income, resulting in a reduction in investment, resulting in a reduction in aggregate output and social insurance tax receipts. In the United States the social insurance programs which supplement cost-of-care for infirm elderly are funded as payas-you-go (PAYGO) systems, where taxes on labor income paid by the current period's workers fund old-age consumption of the current period's elderly. The aging of the population and the additional costs associated with a population that requires higher levels of hospice care may have substantial impacts on the levels of consumption and thus lifetime welfare future generations may enjoy. Consider, for illustration, in 2010 there were 4.06 persons aged 25-65 for every person age Hurd et al. (2013) suggest that population aging and increasing dementia prevalence by 2040 will cause an increase of 80% from 2010 levels in total societal costs per-capita. This projection is consistent with analyses that show health shocks can weaken the income base, adversely affect savings rates, and lead to a reduction in economic output (Azomahou, Diene, and Soete 2009) .
To understand more broadly how long-run declines in aggregate output are related to population aging, in Figure 1 we plot the working-age population ratio (wapr), i.e. the ratio of adults age 25-65 to adults age 65 and over, along with the HP-filtered trend of year-on-year GDP growth g Y for the United States economy since 1950 (Hodrick and Prescott 1997) . When business cycles are removed, the long-run decline in annual GDP growth appears remarkably correlated with the decline in the working-age population ratio. A regression of ln g Y,t on ln wapr t reveals that the elasticity of output growth with respect to the working-age population ratio is 1.849, so that a 1%
relative increase in workers leads to an approximate 18 basis point increase in the growth rate (see Table 2 ). Falling wapr accounts for almost 70% of the decline g Y since the 1950s. 7 While this is an extremely parsimonious analysis, the magnitude of this correlation affirms some of the alarm bells sounded recently in Henriksen and Cooley (2018) .
Over the same time horizon covered in Figure 1 , household savings rates have fallen from 7 Regression R 2 = 0.698 (see Table 2 ). around 10% of disposable income in 1960 to only 5% in 2015. A plethora of literature has examined the distortionary effects and welfare implications of a pay-as-you-go social security system and implications of different tax and benefit structures on the intensive margin of labor and household savings rates (see Prescott (2004) , Attanasio and Burgiavini (2003) , Huggett and Ventura (1999) , and Storesletten, Telmer, and Yaron (1999) , for example). A consistent result across these studies is that if labor is supplied elastically, increasing pension taxes on workers does not result in increased pension system revenue but discourages working and can adversely affect the long-run viability of a pay-as-you-go system. In the presence of an aging population where the worker-to-retiree ratio is falling dramatically (again, see Figure 1 ), one can imagine how such a general equilibrium phenomenon can impact the aggregate economy by reducing labor supply and thus output and individual earnings. Here, we explore these issues when individuals also have a motive to supply informal care to ailing elders.
Our work fits into a broader economic conversation about the role of precautionary savings motives. Particularly, we add to the literature that argues individuals save to insure against illness in old age (see Jones (2011), DeNardi, French, and Jones (2010) , and Palumbo (1999)) by endogenizing the decision of young individuals actively to care for their elders, incorporating new dynamics into consumption smoothing. Young households are subsidizing older households both directly thru labor taxes and indirectly by expending time actively to care for them. Thus, more broadly, modeling intergenerational transfers from young to old in this manner, coupled with the perceived guarantee provided by social insurance, could help account for the puzzle of why so many individuals save so little for retirement (see, for example, Benartzi and Thaler (2013) and Hubbard, Skinner, and Zeldes (1995, 1994) ). Further, there exists a vein of literature examining
European demographic trends that shows that the structure of public pension systems can have an impact on the rates of intergenerational transfers from young to old and vice-versa (Deindl and Brandt 2011; Bonsang 2007; Attanasio and Burgiavini 2003) . Designing social insurance systems to better accommodate both future population aging and increases in Alzheimer's and dementia prevalence could help offset potential welfare loss to future generations due to this phenomenon.
Model
We consider a model in which agents live a maximum of two periods. 8 Each period, there exists a population of N yt young households and N ot old households. 9 There is only one type of young household and two types of old households. Old households can be either diseased d t = 1 or nondiseased d t = 0. All households live a maximum of two periods, though they may die accidentally after their first period of life. 10 For now, assume the population of young households grows at constant rate g N so that N yt /N y,t−1 = (1 + g N ), and the probability that a young household in period t lives to be an old household in period t + 1 is s o,t+1 . 11 12 We model the old agents' consumption process in terms of home production, taking cues from Becker (1965) . Young agents can subsidize the home production of diseased old agents' final consumption by supplying them care time h ot outside of formal markets. Diseased individuals thus receive flow utility from final consumption c ot (d t = 1), which is produced in the home by using inputs of this off-market care time they receive from their children h ot and market resources purchased x ot (d t = 1). 13 Meanwhile, their healthy peers only use market resources x ot (d t = 0) for production of final consumption because they do not require additional off-market care time from their children. The home production functions we employ for both diseased and non-diseased old 8 We understand that the two-period assumption is rather parsimonious, though we believe the results here to be significant as they stand. Data limitations would mean a less parsimonious model would require more and stronger assumptions. We address this in the concluding section.
9 Since agents live only two periods, we use y and o subscripts to denote their ages. 10 Young households cannot choose to die, nor can individuals, rather the household is thought to "disappear," in that all of its members have perished before becoming old. 11 We will relax the constant growth g N assumption in some of our calibration exercises. 12 The "survival" probability is the probability a young household that enters the economy survives to be an old household next period. 13 We also refer to h ot as "hospice" care.
In Equation (1), σ is the elasticity of final consumption with respect to informal care time supplied.
Note that both diseased and non-diseased individuals may purchase hospice care or other health services on the formal market. Such a purchase would fall under market consumption, x ot (d t ). Any additional services received by diseased old which are not accounted for on the formal market would fall under informal care-time received, h ot .
Old households have preferences over consumption that depend on health status d t . In this way, the preference structure for old households is similar, though not identical, to that employed in DeNardi, French, and Jones (2010) . The form of an old individuals' utility function is chosen to satisfy several conditions. First, we assume that individuals infected with a disease require more resources, both market and off-market, to care for than those who are not. It would be unreasonable to assume that these individuals by consuming more are necessarily better off than their non-diseased peers (after all, they are sick). Let Then u ot (c, 1) < u ot (c, 0). In words, for each level of final consumption, the non-diseased agent always receives higher consumption utility than the diseased agent.
Assumption 1 ensures that it is always better to be non-diseased than diseased. We choose a Stone-Geary flow utility function for diseased old which satisfies this assumption under certain parameter restrictions:
The flow utility parameterizations in (3) and (4) lead to two basic lemmas.
Lemma 1. For all ν > 0, Assumption 1 holds.
Proof. See Appendix A Lemma 2. If 0 < ν < c ot (1) − c ot (0) then the ratio of the marginal utility of non-diseased consumption to diseased consumption is such that MU ot (0)/MU ot (1) > 1.
Proof. See Appendix A Lemma 1 is trivial. Lemma 2 says that for certain combinations of the subsistence parameter ν and consumption policies, non-diseased agents benefit more from additional final consumption than diseased agents. In our calibration we find that the premise of Lemma 2 holds which is one indicator that in this economy resources are inefficiently allocated in a steady state competitive equilibrium.
Young households use market resources x yt and leisure time l yt to produce a final consumption good c yt according to the production function:
Young households additionally supply off-market time to care for their elders h yt , but since this does not affect the final production of their home-produced consumption goods c yt , h yt does not enter into Equation (5). Rather, young households exhibit imperfect altruism toward their elders, discounting the diseased old household's utility at rate η. The flow utility of young households is
In addition to consuming and spending time caring for their parents, young agents both supply labor 1 − l yt − h yt and invest i yt in the market. 14 Young agents earn a before-tax wage rate w t and pay social insurance taxes on their income at rate τ t .
Old agents do not work but earn a gross return on their assets a yt at rate R t and also receive Social Security + Medicare transfer benefits from the government T t (d t ) which depend on disease status d t . For old agents, net outlay must satisfy the budget constraint:
At the end of each period, dying young agents leave behind net assets (capital) equivalent to a y,t+1 · (1 − s o,t+1 ) · N yt . These assets are then distributed evenly and unexpectedly (i.e., "accidentally") as bequests b y,t+1 to young agents entering the economy next period according to
Since returns on investment are compounded at the beginning of the period, young agents earn gross return on these assets R t · b yt . Having fully-described the right-hand-side of a young agent's budget constraint, their choices of market purchases x yt , asset-holdings, and labor-supply must satisfy
Let ψ t denote the share of old population which is diseased. The supply of hospice care by young equals the total amount of hospice care received by diseased old
Let ρ t = T t (1)/T t (0) be the ratio of diseased to non-diseased benefits. The government balances Social Security + Medicare transfers and tax receipts:
Old agents die with certainty at the end of their life and thus absent a bequest motive will choose to consume the entirety of their available cash-on-hand. If δ is the depreciation rate of capital then the choice of marginal, period-t investment by young and dis-investment by old must respectively satisfy
Young agents do not know whether they will survive to become old and if they do whether they will face a disease that adversely impacts their welfare, but young agents know ψ t and how it evolves, just like they know the survival rate. Thus, they make their investment choice both with the aim of smoothing consumption and imperfectly insuring themselves against the adverse welfare-effects of contracting some kind of disease like Alzheimer's or dementia, for example.
In this model, given young agents in period t know the distribution of diseased agents in t + 1, expectations are perfectly rational. Let β be the time discount factor. In a competitive equilibrium, utility maximizing young agents seek to smooth expected market consumption over the lifecycle according to the expected intertemporal Euler equation:
Since the model contains only idiosyncratic uncertainty, R t+1 is pre-determined by the population distribution which is assumed known. Thus young agents choose investment by equating the marginal utility of present market purchases with the discounted expected marginal utility of future consumption given by weighting diseased and non-diseased marginal utilities by the distribution ψ t+1 . The period t choice of labor supply by young depends on the marginal rate of substitution between consumption and leisure and the marginal rate of substitution between leisure and off-market care time:
The supply-side of our economy is standard and represented by a single firm which produces an investment good I t and a market good X t . We assume period t production is Cobb-Douglas
where K t and L t are aggregate capital and labor respectively. The rate of return on assets R t and before-tax wages w t are determined by the marginal products of capital and labor respectively:
Finally, total factor productivity z t grows at constant net rate g z .
Competitive Equilibrium with Transfers
Given g N , g z , and exogenously specified sequences of probabilities for disease contraction and survival from young to old, {ψ t , s o,t+1 } t≥0 , a competitive equilibrium with transfers consists of:
i. Sequences of policies for consumers: x yt , l yt , h yt , a y,t+1 , x ot (1),
ii. Sequences of prices {R t , w t } t≥0 .
iii. Government policies {T t (1), T t (0), τ t } t≥0 .
such that a. Young agents' choices satisfy (9) and (14) thru (16). b. Old agent consumption policies satisfy (7).
c. Asset return rates and wage rates are (17) and (18). d. Formal and informal markets clear.
e. The government's budget is balanced.
Steady State and Balanced Growth Path
To solve for a steady state, we assume a balanced growth path (BGP) and de-trend the model accordingly. For now, suppose τ t = τ is exogenously fixed. 15 15 We will revisit this assumption when we discuss potential Pareto improving policies in Section 3.3. 
Normalize N ot = 1 for period t, so that N yt = wapr and use tildes to denote de-trended variables such that de-trended total market good purchases, for example, can be written X t = X t (1+g z ) t (1+g N ) t . Given the normalization z 0 = (1 + g N ) α , the de-trended aggregate resource constraint is:
Let us now consider a steady state where all productivity and population trend growth is removed. The propositions below outline important features of the model's steady state and a necessary condition on balanced output growth in the productivity and population growth retrended model. Proposition 2. In the de-trended economy, steady state outcomes depend only on the population ratio wapr, not the population levels.
Proof. See Appendix A Proposition 3. Suppose along a BGP labor hours supplied per worker remains constant and asset holdings per worker grow in proportion to output per worker y t . Then the net growth rate of output per worker g y is
Proof. See Appendix A Corollary 1. Along a BGP, assuming asset holdings per worker growt in proportion to output per worker, the net growth rate of aggregate output is:
Thus as long as s o and g N are constant, the economy grows at a constant rate.
Proof. See Appendix A Proposition 3 provides a useful baseline to compare aggregate growth rates under different counterfactual simulations. Clearly, the assumption that wapr is constant is unrealistic in practice,
as we see that wapr has been falling over time and is projected to continue falling. This fact begs the question as to whether the U.S. economy in the 21st century is in fact on a balanced growth trajectory or rather is exhibiting structural change due to forces like population aging and potentially associated idiosyncratic welfare risk affecting long-run growth rates. In Section 4 we undertake growth accounting exercises under different counterfactual simulations in an attempt to answer this important question and shine a light on potential factors buffering long-run economic growth.
Pareto Improving Social Security + Medicare Taxation
Can the government facilitate Pareto improvements relative to the given 2016 steady state by choosing a tax rate that maximizes social welfare? In Section 4 we show that for big enough wapr a competitive equilibrium steady state under the observed 2016 Social Security + Medicare tax rate is sub-optimal. The definition of optimality we will employ assumes the government is "dynamically ignorant," adjusting taxes and transfers by maximizing a static social welfare function W assuming the economy is in a 2016 competitive steady state: 16
Note that by maximizing W with respect to τ, the government takes the market incompleteness due to the idiosyncratic risk as given. Thus the government takes the ratio of diseased to nondiseased benefits ρ as given and chooses a permanent tax rate τ * that maximizes W subject to the economy being in a competitive equilibrium steady state and the government's budget constraint binding. Being constrained to competitive steady states, the government can only adjust τ * to change the nature of the steady state.
By optimizing only over a static steady state welfare function the "dynamically ignorant" government is acting in a time inconsistent manner and thus choosing a suboptimal plan. As discussed in Kydland and Prescott (1977, 1980) , it is inconceivable that in practice a government would be able to implement a fully dynamic optimal tax scheme anyway. This is because economic agents are rational actors with rational expectations and can thus anticipate policy changes, breaking the dynamic optimality (Kydland and Prescott 1977) . It is difficult enough for elected officials each beholden to different constituents with different interests to agree upon policy changes, let alone for these same officials to consider how a policy change will forever affect the incentives 16 We denote all steady state variables with a superscript star, as for example c * y .
of future agents. For this reason, a tax scheme implemented by a welfare maximizing "dynamically ignorant" government is probably closer to what would actually happen if Social Security + Medicare reform ever took place. 17
Calibrations
For our calibration we set the period length to 40 years and assume young agents enter the economy at age 25 and turn old at age 65. Our calibration strategy assumes the economy is in steady state in 2016, thus taking the 2016 observed population distribution as the initial steady state distribution. We choose parameters to match a set of carefully selected data moments from around 2016.
Specifically, we calibrate to leisure, labor, and hospice care average time shares from the [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] ATUS data, the personal savings rate from the "PSAVERT" time series (BEA, 2016) which measures personal savings as a percentage of disposable income, the ratio of diseased to non-diseased consumption computed from estimates made by Hurd et al. (2013) , the 2016 consumption and investment shares of output (BEA, 2016) , and the 2015 U.S. labor and capital income shares from Penn World Table 9 .0. Our calibration requires a couple of assumptions for identification purposes. First, we exogenously set the benefits ratio ρ using estimates by Hurd et al. (2013) and Mommaerts (2016) to get ρ = 1.923. 18 Thus, diseased agents receive almost double the benefits from the government as non-diseased agents. To calibrate to a steady state assuming it has been de-trended from a BGP, we only have to pick two of g N , s o , and wapr, due to Equation (19). We set g N to accommodate growth in the young population since 1976 and wapr to equal the observed population ratio for workers to retirees in 2016.
After calibrating the model to a 2016 steady state and extracting parameter values that givbe the best fit, we want to understand how well our model predicts different aggregate growth rates when the population is evolving in ways inconsistent with the model's BGP. Figure ? ? shows that the working age population ratio since the 1950s has not been constant and has in fact been falling due both to declining fertility rates and rising survival rates. To understand how well our model can predict different g Y off the BGP, we compute a transition path from starting steady states with wapr equivalent to those observed in 1950, 1960, 1970, 1980, and 1990, simulating toward a terminal steady state with wapr = 3.475 as observed in 2016. We assume period 0 of the model is in one of the old wapr, and then the economy suddenly changes to wapr = 3.475, allowing 200 simulated periods to facilitate convergence to the new steady state. We then back out implied annual aggregate output growth over a 40-year period, comparing productivity retrended output from the first period after the sudden change in working age population ratio to that of wapr j for j ∈ {1950, 1960, 1970, 1980, 1990}. 
Steady State Comparative Statics
Using the calibrated parameters from 19 We find that for the 2016 wapr = 3.475 the optimal value of τ * (wapr) which maximizes W (τ, wapr) subject to standard competitive equilibrium implementability constraints is zero, so that agents are better off if the social security program is eliminated altogether. As Figure 2 demonstrates, this is not necessarily true if wapr is small enough, though the magnitude of optimal taxes is far below the 2016 actual rate of 15.3%. For example, optimal steady state tax rates are greater than zero if wapr < 2.167, peaking at 0.5% when wapr = 1.819 and falling off thereafter. Choosing optimal taxes in this manner improves social welfare for all values of wapr, though is only Pareto improving for wapr > 1.863 which we demonstrate in Figure 3 . This is because for small values of wapr, diseased agents are made worse off by reducing the tax rate from the current 2016 value of τ = 0.153, though under the 2016 wapr = 3.745, reducing taxes to zero leads to steady state Pareto improvements. The fact that aggregate welfare can be relatively improved but this improvement is not Pareto in nature is a direct consequence of the incomplete markets assumption:
agents lack the ability to insure against an idiosyncratic disease shock. If the population is more concentrated amongst old agents, lowering τ from the 2016 rate to τ * (wapr) adversely affects the market consumption of diseased old agents when there are not enough young agents to make up for this difference by supplying more h * y . Under τ * (wapr) young agents save more, work more, enjoy higher wages, and supply more hospice time on the informal market. Output is higher, but rates of return on assets are lower due to an increased capital level driven by higher savings rates. Figure 4 compares steady state values of economic aggregates and agent-level choices for select variables under both τ = 0.153 and τ * (wapr). Under both scenarios, aggregate labor supply is increasing in wapr, though substitution effects drive individual households to enjoy more leisure time and supply less labor when wapr is high. Still, aggregate output goes up in wapr, driven by both larger capital stocks and aggregate labor supply. R * is increasing in wapr under both tax regimes, encouraging higher savings. The consequences of implementing τ * (wapr) as wapr increases are that individuals enjoy both more leisure time and more capital income.
Growth Under Different Counterfactual Regimes
One goal of this project is to understand how the welfare risk of contracting a debilitating oldage disease like Alzheimer's or dementia may affect future aggregate output growth when the population is aging. As a baseline, we follow techniques described in Krueger and Ludwig (2007) to simulate a transition path between the calibrated 2016 steady state and a far-off future steady state assuming the population converges after 200 periods to the United Nations predicted, 2096 median-variant population distribution (see United Nations: Department of Economic and Social Affairs 2017). We then examine projected growth rates and lifetime welfare under the following policy reforms. First, we consider how the economy evolves when the "dynamically ignorant" government chooses τ * as a function of the present population distribution, and households are surprised by this change, failing to anticipate it. 20 Second, we consider a policy reform where the government decides to begin fully reimbursing working-age adults for their off-market time at the before-tax market wage. 21 Finally, we simulate a dynamic transition path under unexpected shocks to the disease risk rate. We consider growth under a cure by 2056 and a cure by 2096, as well as growth under 10%, 20%, 50%, and 100% increases in cross-sectional risk by 2096. 22 For computational reasons, we assume changes are permanent after 2096 so the economy has some steady state outcome to which to converge. Table 6 regime-change counterfactuals operate as follows. First, we suppose that the economy is in the initial 2016 steady state, then the regime change occurs suddenly. This means that the government unexpectedly changes the tax rate or introduces a reimbursement scheme, or the disease contraction rate changes unexpectedly. When the government is involved, we assume that it chooses τ given the economy is in the 2016 steady state and thinking it will stay there, that is we do not assume that anybody has taught the government the fundamentals of dynamic programming. For all of these changes, in period t = 2 right after the 2016 steady state, the economy has changed unexpectedly, but agents have not updated their dynamic plans. We thus simulate the economy for 200 periods to allow for it to converge to the new steady state, which generally happens after only 8-10 periods anyway. All of our counterfactual simulations occur off the BGP, where the population distribution is evolving exogenously according to U.N. estimates. 20 Here, we consider the 2016 wapr = 3.475 as "present." 21 Under this reform, the young agent's budget constraint is:
while the government faces budget constraint:
22 For a "cure" we consider a situation where ψ drops to 0.0001 to ensure Inada conditions hold.
From these simulations it is apparent that an aging population substantially reduced growth relative to a BGP. In fact this reduction is on the order of 130 basis points annually, leading to compounded aggregate output losses of 38% by 2056 and 67% by 2096 relative to an economy where wapr held constant at 2016 levels. The "dynamically ignorant" government can facilitate higher growth by eliminating the Social Security + Medicare system. This does not adversely affect welfare and in fact generates Pareto improvements for the dynamic transition path throughout the entire 21 st century (see Figure 5 ). Implementing a a before-tax reimbursement scheme has similar, positive effects on growth, though the difference relative to the baseline is marginal. Still, reimbursing young agents at the market rate for their supply of h yt is Pareto improving, which can also be seen in Figure 5 . Finally, achieving a full cure ψ = 0.0001 by 2056 would have a small impact on growth, increasing g Y by about 10 basis points, though this impact is not as large as that of a tax elimination. Long-run growth rates are decreasing in risk ψ, though only marginally. As would be expected, long-run welfare is also decreasing in ψ, though we do not plot this here.
Conclusion
Including both idiosyncratic health risk and a motive for young people to engage in informal care
of their elders allows the standard, two-period overlapping generations model with production and social insurance taxes to broadly describe the observed decline in aggregate output growth since the 1950s. The model we present qualitatively describes and matches the observed tradeoffs from the ATUS data that agents face when making a decision to provide time on the informal market. These results are important because they should encourage researchers to take seriously the model's predictions about future economic outcomes in an environment with a rapidly aging population. High social insurance taxes weigh negatively on personal investment and labor supply, driving down output, and adversely affecting welfare of all agents for a large enough working-age population ratio. Due to incomplete markets, the rate at which the population ages can adversely impact lifetime welfare of diseased agents when not enough young agents are alive to supply informal care. In counterfactual simulations, policies like reimbursement of informal care time and elimination of Social Security + Medicare taxes improve both growth and welfare over the U.N.'s medium-variant projected population distribution throughout the 21 st century.
These results should encourage policy makers to consider how the age-distribution and idiosyncratic risk affect economic aggregates when proposing reforms to address stagnating growth and under-funded pension systems.
While it has become common for economic researchers to consider population dynamics within many-period OLG models (see for example Ríos-Rull (2001) , Krueger and Ludwig (2007) , Backus, Cooley, and Henriksen (2014) , and Henriksen and Cooley (2018) , among others), a lack of widely available data on welfare-reducing disease risk and age-specific informal-care supply has led us to stick to this simpler version. Incorporating more age-heterogeneity would not be too difficult, but economically (and behaviorally) data limitations would mean we would be forced to make many more stronger assumptions without adequate empirical justification. We feel our parsimonious approach is adequate to underscore the main point of the analysis: when including old-age idiosyncratic welfare risk and a market for informal care, population aging can discourage working and thus saving, phenomena which are exacerbated by high social insurance taxes and lead to long-run aggregate output and lifetime welfare reductions. Proof. This proof is trivial, but requires the assumption that c > ν so that Inada conditions are satisfied and c is thus feasible. Under that assumption, clearly ln(c − ν) < ln c.
Lemma 2. If 0 < ν < c ot (1) − c ot (0) then the ratio of the marginal utility of non-diseased consumption to diseased consumption is such that MU ot (0)/MU ot (1) > 1.
Proof. Assume Inada conditions are satisfied such that c ot (1) > ν and c ot (0) > 0. Given Corollary 1, ν > 0. Note that:
Rearranging the inequality in the premise we get
Proposition 1. Assume the survival rate s o,t+1 = s o is constant and the diseased old distribution ψ t = ψ is stationary. Then along a BGP the working-age population ratio wapr is constant and given by
Proof. The population of young agents entering the economy in period t is
The population of old agents evolves according to
Substituting for N y,t−1 we can write:
is the working-age population ratio wapr. The right-hand side of the above does not depend on t. Thus:
Proposition 2. In the de-trended economy steady state outcomes depend only on the population ratio wapr, not the population levels.
Proof. Given the normalization z 0 = (1 + g N ) α consider the factor prices and accidental bequests in the de-trended economy: All young agent decision variables thus depend on the constant population parameters of s o , g N , psi, and wapr. Finally, the government budget constraint can be written:
ψT t (1) + (1 − ψ)T t (0) ≤ wapr · w t · τ · (1 − l yt − h yt ) (A.14)
The right hand side of young and old agents' budget constraints only depends on prices and choices which depend only on wapr, not population levels N yt and N ot . We can thus drop time subscripts and solve for steady state values. 
B Calibration B.0.1 Setting ρ -Ratio of Diseased to Non-Diseased Benefits
We calibrate ρ by using estimates from Hurd et al. (2013) and Mommaerts (2016) . Mommaerts 
The steady state does not admit a neat closed form analytical solution due to the non-linearities in (B.5). We solve the steady state using Powell's hybrid method.
23 Note that we substitute s o = 1+g N wapr and take z 0 = (1 + g N ) α . 24 The equations presented here are first-order conditions after composing flow utility with the home production functions.
